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7KH LPSOHPHQWDWLRQ LV GHPRQVWUDWHG E\ DOXPLQXP
H[WUXVLRQ FDVH 7KH DOJRULWKP GHYHORSHG DQG XVHG FDQ
SDUDPHWHUL]H DUELWUDU\ FURVVVHFWLRQV DQG H[WUDFW WKH
YDOXHV IRU WKH HIIRUW SDUDPHWHUV EDVHG RQ WKH
SDUDPHWHUL]DWLRQDXWRPDWLFDOO\7KH0(0LVEXLOWEDVHG
RQ WHFKQLTXHV IRU NQRZOHGJH DFTXLVLWLRQ DQGPRGHOLQJ
DV VKRZQ LQ >@ 7KHVH WHFKQLTXHV DUH SUHVHQWHG LQ
VHFWLRQ  7KH 0(0 ZLWK LWV FRUUHVSRQGLQJ LQSXW
SDUDPHWHUVDQGUHVSRQVHVXUIDFHVLVGHVFULEHGLQVHFWLRQ
 7KH GHYHORSHG DOJRULWKPV IRU SDUDPHWHUL]DWLRQ DQG
H[WUDFWLRQRIHIIRUWSDUDPHWHUVDUHSUHVHQWHGLQVHFWLRQ
,QVHFWLRQVHYHUDOFURVVVHFWLRQDOGHVLJQVWDNHQRXWRI
GHVLJQJXLGHOLQHVIRUH[WUXVLRQDUHDQDO\]HG7KHUHVXOWV
RIWKH0(0HYDOXDWLRQVDUHYDOLGDWHGE\WKHFRPSDULVRQ
ZLWKWKHVWDWHPHQWVRIWKHGHVLJQJXLGHOLQHRQH[WUXVLRQ
6HFWLRQFRQWDLQVFRQFOXGLQJUHPDUNV


$PHWKRGIRUWKHLPSOHPHQWDWLRQRIDIX]]\ORJLF
EDVHG0(0
7KH PRGHOLQJ RI NQRZOHGJH EDVHV KDV EHHQ
LQYHVWLJDWHG RYHU WKH ODVW GHFDGHV 2QH SURPLVLQJ
DSSURDFK LV WKHXVH RI IX]]\ ORJLF DV LWZDV LQWURGXFHG
E\=DGHK >@ >@ ,Q VHFWLRQ WKHEDVLFVRI D)X]]\
5XOH%DVHG6\VWHPDUHGHVFULEHGDQGWKHFRUUHVSRQGLQJ
OLWHUDWXUH LVJLYHQ ,Q VHFWLRQ WKHPHWKRGGHYHORSHG
E\ WKH DXWKRU IRU WKH LPSOHPHQWDWLRQ EDVHG RQ
NQRZOHGJH DFTXLVLWLRQ DQG LWV PRGHOLQJ DUH SUHVHQWHG
LWVDSSOLFDWLRQLVVKRZQLQVHFWLRQ
2.1. The basics of  a Fuzzy Rule Based System 
:KLOHLQWKHFRQYHQWLRQDOPDWKHPDWLFVTXDQWLWLHVDUH
VKDUSO\GHILQHGDSDUWLDOPHPEHUVKLSRIDQXPEHU WRD
FHUWDLQVHWFDQEHGHILQHGE\WKHPHDQVRI)X]]\/RJLF
7KHXVHRI)X]]\/RJLFWRGHYHORSUHVSRQVHVXUIDFHOLNH
DSSUR[LPDWLRQV IRU H[SHUW NQRZOHGJH ZDV VXJJHVWHG
DOUHDG\ E\+DMHOD >@ 7KH IXQGDPHQW RI D IX]]\ ORJLF
V\VWHPLVDVHWRIµLI«WKHQ¶UXOHVVRFDOOHG)X]]\5XOHG
%DVHG 6\VWHP )5%6 >@ $ GHWDLOHG GHVFULSWLRQ LV
SUHVHQWHGLQ>@)X]]\DSSURDFKHVZHUHXVHGDOUHDG\LQ
YDULRXVLQYHVWLJDWLRQVRQHH[DPSOHFDQEHIRXQGLQ>@
ZKHUH OLQJXLVWLF VWDWHPHQWVRQPDQXIDFWXULQJ HIIRUWV RI
FRPSRVLWHH[WUXVLRQVZHUHPRGHOHG
2.2. Knowledge acquisition and its modeling  
$Q RYHUYLHZ RI GLIIHUHQW NQRZOHGJH DFTXLVLWLRQ
WHFKQLTXHV FDQ EH IRXQG LQ >@ ,Q RUGHU WR PRGHO D
)5%6 WKH JDLQHG NQRZOHGJH EDVH KDV WR FRQWDLQ DOO
SDUDPHWHUVZKLFKFDQOHDGPDQXIDFWXULQJHIILFLHQF\DQG
ZKHQSRVVLEOHWKHLULQIOXHQFHVRQWKHPDQXIDFWXUDELOLW\
7KH LGHQWLILHG SDUDPHWHUV DUH XVHG DV LQSXWV RI WKH
)5%6 7R LGHQWLI\ WKH LQIOXHQFH RQ WKH
PDQXIDFWXUDELOLW\ WKH IROORZLQJ TXHVWLRQV VKRXOG EH
FODULILHGIRUHDFKLQGLYLGXDOSDUDPHWHUGXULQJNQRZOHGJH
DFTXLVLWLRQ

x :KHQGRHVWKHHIIRUWLQFUHDVHZKHQGRHVLWGHFUHDVH"
x +RZ DUH WKH VORSHV GXULQJ WUDQVLWLRQV IURP ORZ WR
KLJKSURGXFWLRQFRVWVDQGYLFHYHUVD"
x $UH WKHUH DQ\FRUUHODWLRQVRI WKHSURFHVVSDUDPHWHUV
ZLWKHDFKRWKHU"

7KH PRUH LQIRUPDWLRQ LV DYDLODEOH WKH PRUH WKH
DSSUR[LPDWLRQ PRGHO IRU WKH HIIRUW FDQ EH HODERUDWHG
)X]]\ VHWV UHSUHVHQWLQJ ³JRRG ³IDLU´ DQG ³SRRU
PDQXIDFWXUDELOLW\DUHFUHDWHGIRUWKHLQSXWSDUDPHWHUVRI
WKH IX]]\ PRGHO $ UXOH LV FUHDWHG IRU HDFK LQSXW
SDUDPHWHUDQGLWVFRUUHVSRQGLQJIX]]\VHWLQWKHIRUPRI

,),QSXWJRRG7+(1HIIRUWLVORZ
,),QSXWIDLU7+(1HIIRUWLVPRGHUDWH
,),QSXWSRRU7+(1HIIRUWLVKLJK
$QGVRIRUWKIRUDOO,QSXWV

7KHQ D PHPEHUVKLS IXQFWLRQ LV VHOHFWHG IRU HDFK
IX]]\ VHW DQG LWV FRXUVH LV GHILQHG EDVHG RQ WKH
)LJXUH0DQXIDFWXULQJ(IIRUW0RGHOV0(0FRXSOHGZLWK)LQLWH
(OHPHQW)(PRGHOVLQVWUXFWXUDORSWLPL]DWLRQ 
)LJXUH3DUHWRRSWLPDOVROXWLRQVRIDQRSWLPL]HGH[WUXGHGSURILOH
XQGHUDEHQGLQJORDG
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LQIRUPDWLRQRQ WKH WUDQVLWLRQ IURP³JRRG´ WR³IDLU´DQG
IXUWKHU WR ³SRRU´ JDLQHG IURP NQRZOHGJH DFTXLVLWLRQ
'XHWRZHLJKWLQJIDFWRUVEHWZHHQDQGWKHLQIOXHQFH
RQ WKHPDQXIDFWXULQJ HIIRUWRI HDFK LQGLYLGXDO UXOH FDQ
EHPRGLILHG VR WKDW WKH0(0 FDQ EH IXUWKHU DGMXVWHG
:KHQ UHODWLRQVKLSV RU LQWHUDFWLRQV DPRQJ WKH LQSXW
YDULDEOHVKDYHWREHPDSSHG WKHUXOHVQHHGWREHPRUH
FRPSOH[LHVHYHUDOLQSXWYDULDEOHVDUHSURFHVVHGDWWKH
VDPHWLPHLQRQHUXOH
7KH PHWKRG FDQ EH DSSOLHG WR GHVLJQ SURFHVVHV ZKHUH
FHUWDLQ H[SHUW NQRZOHGJH RI WKHPDQXIDFWXULQJ SURFHVV
LVDYDLODEOH
7KH0(0RIDOXPLQXPH[WUXVLRQ
$OXPLQXP H[WUXVLRQ LV D PHWDO IRUPLQJ SURFHVV LQ
ZKLFK DQ DOXPLQXP ELOOHW LV SXVKHG WKURXJK WKH GLH
IRUPLQJ WKH ILQDO H[WUXVLRQ DV VHHQ LQ)LJXUH'XH WR
WKHPDQXIDFWXULQJSURFHVVWKHUHDUHVRPHOLPLWDWLRQVRQ
WKH VKDSH RI H[WUXVLRQV 7KH NQRZOHGJH EDVH ZKLFK
FRQVLGHUV WKHVH DVSHFWV LV SUHVHQWHG LQ VHFWLRQ  WKH
IX]]\ EDVHG DSSUR[LPDWLRQ PRGHO LV D SDUW RI VHFWLRQ













3.1. The implemented knowledge base 
7KHVKDSHRIWKHFURVVVHFWLRQLVDGHWHUPLQLQJIDFWRU
RQWKHPDQXIDFWXULQJHIIRUW7RFKDUDFWHUL]HDVKDSHRID
FURVVVHFWLRQSURILOH LQUHODWLRQWR LWVPDQXIDFWXUDELOLW\
WKHH[WUXVLRQLQGXVWU\XVHVWKHIROORZLQJWHUPV

  &LUFXPVFULELQJ&LUFOH6L]H&&6
  6KDSH)DFWRU6)
  ([WUXVLRQ5DWLR(5
  7RQJXH5DWLR75

7DEOH  VKRZV WKH UDQJHV RI HDFK LQSXW YDULDEOH
ZKHUHWKHPDQXIDFWXUDELOLW\LV³JRRG´³IDLU´RU³SRRU´
DVIRXQGLQWKHOLWHUDWXUH>@>@>@>@DQG>@
,QDGGLWLRQWRWKHVHIDFWRUVZKLFKFDQEHFDOFXODWHGIURP
WKHGHVLJQWKHIROORZLQJDVSHFWVOLVWHGLQYDULRXVGHVLJQ
JXLGHOLQHVIRUH[WUXVLRQ>@>@>@>@VKRXOGEH
FRQVLGHUHGDVZHOOLQRUGHUWRUHDFKDQDFFHSWDEOHVFUDS
UDWHGXULQJWKHH[WUXVLRQSURFHVV
0LQZDOOWKLFNQHVV$IHDVLEOHPLQLPXPZDOOWKLFNQHVV
FDQEHGHILQHGZLWK UHJDUG WR WKHXVHG DOXPLQXPDOOR\
DQGWKHFLUFXPVFULEHGFLUFOHVL]H)LJXUH
8QLIRUP ZDOO WKLFNQHVV DQG URXQG VKDSHV 7KH
GLVWULEXWLRQ RI PDVV ZDOO WKLFNQHVV DORQJ WKH SURILOH
FRQWRXUVKRXOGEHDVXQLIRUPDVSRVVLEOHDQGDOOFRUQHUV
VKRXOG EH URXQGHG $ V\PPHWULF VKDSH ZLWK ORZ
FRPSOH[LW\ KHOSV WR UHGXFH WKH PDQXIDFWXULQJ HIIRUW
DGGLWLRQDOO\
7KHOLVWHGSDUDPHWHUVKDYHWREHFRQVLGHUHGLQRUGHU
WR UHDFK D XQLIRUP IORZ UHVLVWDQFH DORQJ WKH SURILOH
FRQWRXUDQGUHGXFHWKHPDQXIDFWXULQJHIIRUW














3.2.  The input parameter and the FRBS   
,Q WKH FDVH RI DOXPLQXP H[WUXVLRQ  VKDSH
SDUDPHWHUV FDQ EH GHULYHG IURP WKH NQRZOHGJH EDVH
SUHVHQWHGLQVHFWLRQDVPDMRUIDFWRUVWKHQGHILQHGDV
LQSXW SDUDPHWHUV IRU WKH 0(0 %HVLGHV &&6 6) (5
DQG75DVOLVWHGLQVHFWLRQWKHIROORZLQJSDUDPHWHUV
DUH FRQVLGHUHG LQ UHODWLRQ WR WKHPDQXIDFWXUDELOLW\ RI D
SURILOH

 5HODWLYHZDOOWKLFNQHVVWKUHO
 *UDGLHQWRIWKHZDOOWKLFNQHVVJUDGWK
 5DWLRRIWKHZDOOWKLFNQHVV5WK
 6\PPHWU\RIWKHH[WUXVLRQ3V\P
 1XPEHURI&DYLWLHV1&
 5DWLRRI&DYLWLHV5&

7KHVHSDUDPHWHUVFDQEHFDOFXODWHGIURPDQ\SURILOH
VKDSH 7KH VKDSH RI WKH FRUUHVSRQGLQJ PHPEHUVKLS
IXQFWLRQVDUHVKRZQLQ)LJXUH7KH\DUHGHILQHGEDVHG
RQ WKH YDOXHV VKRZQ LQ 7DEOH  7KH SDUDPHWHUV
UHSUHVHQWWKHFRPSOH[LW\DQGV\PPHWU\RIDSURILOHDQG
WKH\ DUH FDOFXODWHG DV IROORZV 7KH WHFKQLFDO OLPLW RI
PDQXIDFWXUDELOLW\ FRQVLGHULQJ WKH ZDOO WKLFNQHVVHV RI
WKH SURILOH LV WDNHQ LQWR DFFRXQW E\ WKH UHODWLYH ZDOO
WKLFNQHVVWKUHO,WVYDOXHLVFDOFXODWHGIURPWKHUDWLRRIWKH
)LJXUH0DLQFRPSRQHQWVDQGWHUPLQRORJ\RIDQDOXPLQXP
H[WUXVLRQSUHVV
)LJXUH5HFRPPHQGHGPLQLPXPPDWHULDOWKLFNQHVVLQPPLQ
UHODWLRQWRWKHFLUFXPVFULELQJFLUFOHGLDPHWHULQPP>@
153 R. Wehrle and H. Baier /  Procedia CIRP  18 ( 2014 )  150 – 155 

VPDOOHVWZD
ZDOOWKLFNQH



7KLVPLQ
DQGJHRPHWU
FLUFOHRIWKH
LQ)LJXUH
IXQFWLRQ IRU
FDYLWLHV LV
H[WUXVLRQV L
URXQGVKDSH
WKH JUDGLHQ
JUDGLHQWSLWF
WKHLQFUHDVH
ǻV
݃

,I WKHJUD
WKHZDOO WKLF
WKHJUDGLHQW
EHUHJDUGHG
7KH SDUD
EHWZHHQWKH
3V\P LV GHILQ
FHQWHURIJUD
FHQWHU RI
FLUFXPVFULEL

௦ܲ௬

7DEOH  5DQJ
WKHLQSXWSDUDP


0DQXIDFWXUDELO
LQSXWXQLW

&&6
6)
(5
75
1&

>FP@
>@
>@
>@
>@
5& >@
7UHO >@
*UDGWK >@
5WK >@
3V\P

>@
OO WKLFNQHVVR
VVGXHWRPDQ
ݐ݄௥௘௟ ൌ
௧
௧௛೘ೌ
LPXPZDOO WK
\LVFDOFXODWH
SURILOHGHULY
,IWKHQXPEHU
 VROLG H[WUXV
ELJJHU WKDQ
VXVHG8QLIR
VDUHWDNHQLQ
W RI WKH S
K RI WKHZDO
RUGHFUHDVHR
ݎܽ݀௧௛ ൌ ቚ
௧௛మି
௱
GLHQWRI WKH
NQHVVFDQEH
 LVJUHDWHU WK
DVQRQXQLIR
PHWHU 5WK LV
PLQLPXPDQ
HG DV WKH UDW
YLW\&2*RI
LWV FLUFXP
QJFLUFOHVL]H
௠ ൌ
஽௜௦௧௔௡௖௘಴
஼஼ௌ
HV RI ³JRRG´ ³I
HWHUV
LW\


JRRG







!



I WKHSURILOH
XIDFWXULQJDV
௛೛ೝ೚೑೔೗೐
೙ೠ೑ೌ೎೟ೠೝ೔೙೒

LFNQHVV UHODW
GDVDIXQFWLR
HGIURPWKHP
RIFDYLWLHVLV
LRQV LV XVHG
]HUR WKH IXQ
UPZDOO WKLFN
WRDFFRXQWE\
URILOH DV DQ
O WKLFNQHVV J
IWKHZDOOWK
௧௛భ
௦
ቚ 
ZDOO WKLFNQHV
 UHJDUGHGDV
DQ]HUR WKHZ
UP
 FDOFXODWHG
GWKHPD[LPX
LRRI WKH GLVW
WKHFURVVVHFW
VFULEHG FLUF
&&6
ೀಸష಴಴ 
DLU´ DQG ³SRRU´

IDLU


!








DQG WKHPLQLP
SHFWV

HG WR WKHPDW
QRIWKHHQFOR
DWHULDOGDWDV
HTXDOWR]HUR
,I WKH QXPEH
FWLRQ IRU KR
QHVVHVDVZH
WKHGHILQLWLR
 LQSXW +HU
UDGWK LV GHILQH
LFNQHVVSHUOH

V LVHTXDO WR
XQLIRUP:
DOO WKLFNQHVV
RXW RI WKH
PZDOOWKLFNQ
DQFHEHWZHHQ
LRQDODUHDDQG
OH && WR

 PDQXIDFWXUDELOL

SRRU

!

!
!
!


!

!
XP

HULDO
VLQJ
KHHW
WKH
U RI
OORZ
OO DV
QRI
H D
G DV
QJWK

]HUR
KHQ
FDQ
UDWLR
HVV
 WKH
WKH
WKH

W\ IRU


















1&
WKHV
VHFW



$IR
FRP
DQLQ
7
EDVH
0(0
7
FUHD
H[WU
IXQF
DQG
DIRU
FDQ
WKH
WKHU
&&6
KRZ











)LJXU
H[WUX
)LJXU
UHODWL
(I
IR
UW
>
@
LVGHILQHGDV
L]HRIWKHFDY
LRQDODUHDV5&
ܴ
UHPHQWLRQHG
SOH[LW\DQGV
SXWSDUDPHWH
KH VKDSHV RI
G RQ WKH YDOX
ZLWKLWVPH
KXVWKHSUHVH
WH WKH IX]]\
XVLRQ)LJXUH
WLRQRIWKHLQ
WKH FLUFXP
HPHQWLRQHGP
EHVHHQ,QWK
HIIRUW LQFUHDV
H DUH PDQ\ S
 RI  PP
HYHUZLWKKLJ
H)X]]\5XOH%
VLRQ
H0DQXIDFWXUL
YHZDOOWKLFNQHVV
WKHQXPEHUR
LWLHVWKHPD[
LVGHILQHGDV
஼ ൌ ฬ
஺̴௠௜௡೎ೌೡ
஺̴௠௔௫೎ೌೡ
 SDUDPHW
\PPHWU\RID
UIRUWKHIX]]
 WKHLU PHPEH
HV VHHQ LQ7
PEHUVKLSIXQ
QWH[SOLFLWNQ
PRGHO IRU WK
VKRZVWKHU
SXWYDULDEOHV
VFULELQJ FLUF
DQXIDFWXUDELO
HFDVHRIWKH
HVDOUHDG\DW
UHVVHV DYDLOD
 LW LV SRVVLE
KSULFH
DVHG6\VWHPUHS
QJHIIRUWGXULQJH
7UHODQGWKHFLUFX
IFDYLWLHV:
LPXPUDWLRRI
DQLQSXW
೔೟೤
೔೟೤
ฬ
HUV ZKLFK G
FURVVVHFWLRQ
\PRGHO
UVKLS IXQFWLR
DEOH 7KH)
FWLRQVFDQEH
RZOHGJHFRX
HPDQXIDFWXU
HVSRQVHRIWK
UHODWLYHZDOOW
OH VL]H &&6
LW\YDOXHUDQJ
FLUFXPVFULEH
DYDOXHRI
EOH WR WKDW V
OH WR SURGXF
UHVHQWLQJH[SHUW
[WUXVLRQDVDIXQ
PVFULEHGFLUFOH
LWKUHJDUGWR
WKHFURVV

HVFULEH WKH
DUHXVHGDV
QV DUH EXLOW
5%6RI WKH
VHHQ)LJXUH
OGEHXVHGWR
LQJ HIIRUW RI
H0(0DVD
KLFNQHVV7UHO
 +HUH WKH
HV7DEOH
GFLUFOHVL]H
PPVLQFH
L]H 8S WR D
H H[WUXVLRQ
NQRZOHGJHRQ
FWLRQRIWKH
VL]H&&6

154   R. Wehrle and H. Baier /  Procedia CIRP  18 ( 2014 )  150 – 155 

3DUDPHWHUL]DWLRQWHFKQLTXHV
,QRUGHUWRDFKLHYHDKLJKWUDQVIHUDELOLW\RIWKH0(0
WRLQGXVWULDODSSOLFDWLRQVDQHZSDUDPHWHUL]DWLRQPHWKRG
ZKLFK LV DEOH WR KDQGOH DUELWUDU\ FURVVVHFWLRQV ZDV
GHYHORSHG7KHPHWKRG LVSUHVHQWHG LQVHFWLRQ7KH
FDOFXODWLRQ RI WKH SDUDPHWHUL]HG FURVVVHFWLRQDO0(0
LQSXWV VR FDOOHG FURVVVHFWLRQDO FKDUDFWHUL]DWLRQ LV
SUHVHQWHGLQVHFWLRQ
4.1. Grid Based Parameterization Method (GBPM)     
7KH *%30 LV DEOH WR SDUDPHWHUL]H DUELWUDU\ FURVV
VHFWLRQV PRGHOHG LQ D FRPPHUFLDO &$'WRRO 7KH
SDUDPHWHUL]DWLRQLVSHUIRUPHGE\WKHIROORZLQJVWHSV
)LUVW D XQLIRUP JULG FRQVLVWLQJ RI YLUWXDO SRLQWV LV
SODFHG RQ WKH SURILOH FURVVVHFWLRQ ZKLFK VKRXOG EH
SDUDPHWHUL]HG )LJXUH  7KH QXPEHU RI JULG SRLQWV
FDQEHVHWPDQXDOO\ ,QJHQHUDO WKHKLJKHU WKHQXPEHU
WKHPRUH DFFXUDWH WKH FURVV VHFWLRQ LVPDSSHG ODWHU RQ
EXW DOVR WKH PRUH FRPSXWDWLRQDO WLPH DQG HIIRUW LV
UHTXLUHG WR GHWHUPLQH WKH FURVVVHFWLRQDO FKDUDFWHULVWLF
YDOXHV 7KH JULGSRLQWV ZLWKLQ WKH DUHD DUH JLYHQ WKH
VWDWXV RI DFWLYH $OO RWKHU SRLQWV UHFHLYH WKH VWDWXV
LQDFWLYH )LJXUH  7KH ERXQGDU\ RI WKH FURVV
VHFWLRQDO DUHD LV ORFDWHG EHWZHHQ WKH DFWLYH DQG QRQ
DFWLYHJULGSRLQWV,QWHUVHFWLRQSRLQWVDUHFUHDWHGE\WKH
LQWHUVHFWLRQVRIWKHJULGOLQHVDQGWKHFRQWRXUOLQHVRIWKH
FURVVVHFWLRQDODUHD)LJXUH
)LQDOO\ WKH UHODWLYH GLVWDQFH EHWZHHQ HDFK LQWHUVHFWLRQ
SRLQW DQG LWV FRUUHVSRQGLQJ DFWLYH JULG SRLQW LV
FDOFXODWHG $ LQWHUVHFWLRQ YDOXH EHWZHHQ  DQG  LV
REWDLQHGIRUHDFKLQWHUVHFWLRQSRLQWDVLWLVVKRZQLQWKH
GHWDLOHGYLHZ LQ)LJXUH 7KHSDUDPHWHUL]HG FRQWRXU
RI WKH FURVVVHFWLRQ LV VSDQQHG E\ VWUDLJKW OLQHV ZKLFK
FRQQHFW WKH LQWHUVHFWLRQ SRLQWV 8VLQJ WKH LQIRUPDWLRQ
DERXW DFWLYH DQG QRQDFWLYH JULG SRLQWV DQG WKH
FRUUHVSRQGLQJ GLVWDQFH YDOXHV DUELWUDU\ FURVV VHFWLRQ
FDQEHSDUDPHWHUL]HG
















4.2. Cross-sectional characterization 
7KHFURVVVHFWLRQDOFKDUDFWHUL]DWLRQFDQEHSHUIRUPHG
IRUDQ\FURVVVHFWLRQWKDW LVSDUDPHWHUL]HGEDVHGRQWKH
*%30 ,Q WKH IROORZLQJ WKH DSSURDFKHV XVHG IRU WKH
FDOFXODWLRQ RI WKH 0(0LQSXWV DUH SUHVHQWHG IRU D
UHFWDQJXODUFURVVVHFWLRQFRQWDLQLQJWZRFDYLWLHV)LJXUH
7KHSDUDPHWHUV6)&&65&DQGWKHFURVVVHFWLRQDO
DUHD DUH FDOFXODWHG RXW RI WKH FRRUGLQDWHV RI WKH
LQWHUVHFWLRQSRLQWV(DFKFDYLW\LVVSDQQHGE\DJURXSRI
FRQQHFWHG OLQHV 1& LV HTXDO WR WKH QXPEHU RI WKHVH
JURXSV 6LQFH WKH SURILOH FRQWRXU LV VSDQQHG E\
LQWHUVHFWLRQ SRLQWV DQG WKHLU FRQQHFWLQJ OLQHV WKH ZDOO
WKLFNQHVV GLVWULEXWLRQ LV GHWHUPLQHG E\ SRLQWSRLQW DQG
SRLQWOLQH GLVWDQFH FDOFXODWLRQV %DVHG RQ WKHVH YDOXHV
WKHSDUDPHWHUV7UHO5WKDQG*UDGWKDUHFDOFXODWHGDVLWLV
VKRZQLQ)LJXUH
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
9DOLGDWLRQRIWKH0(0IRUH[WUXVLRQYLDH[WUXVLRQ
GHVLJQJXLGHOLQHV
7KH LPSOHPHQWHG0(0LVXVHG WRHYDOXDWHGLIIHUHQW
H[WUXGHG VKDSHV DV WKH\ FDQ EH IRXQG LQ WKH OLWHUDWXUH
7KHUHIRUH ILQHQHVV RI WKH JULG VKRZQ LQ )LJXUH  DQG
)LJXUHLVLQFUHDVHGWR[LQRUGHUWRHYDOXDWHPRUH
FRPSOH[FURVVVHFWLRQV7KHUHVXOWVDUHOLVWHGLQ7DEOH
$ FDOFXODWHG YDOXH IRU WKH PDQXIDFWXULQJ HIIRUW XQGHU
 FDQ EH FRQVLGHUHG DV D JRRG PDQXIDFWXUDELOLW\ ,Q
HDFKURZRIWKHWDEOHDGHVLJQFKDQJHLVVKRZQZLWKWKH
GHVLJQ ZKLFK LV H[WUXGDEOH ZLWK OHVV HIIRUW RQ WKH OHIW
FROXPQ7KHSDUDPHWHUVZKLFKDUHLQIOXHQFHGE\GHVLJQ
FKDQJHDQGFDXVHGWKHFKDQJHLQHIIRUWDUHOLVWHGRQWKH
YHU\OHIWFROXPQ7KHFDOFXODWHGHIIRUWIRUJRRGDQGEDG
GHVLJQFDQEHIRXQGRQWKHULJKWVLGHRIHDFKFROXPQLQ
EROG )RU WKHJRRGGHVLJQVIURPURZ WKHH[WUXVLRQ
UDWLR KDG DQ DSSURSULDWH YDOXH )URP URZ  WKH
H[WUXVLRQ UDWLR RI WKH DQDO\]HG GHVLJQV ZDV DOUHDG\
XQGHU  VR KHUH DQ LQFUHDVHG HIIRUW FDQ EH VHHQ LQ
JHQHUDO ,Q URZ  WKHZDOO WKLFNQHVV LV LQFUHDVHG WR 
PP+HUH WKH LQFUHDVH LQ HIIRUW LV FDXVHG E\ D FULWLFDO
YDOXHIRUWKHH[WUXVLRQUDWLR)RUDYDOXHRIWKHH[WUXVLRQ
UDWLR XQGHU  WKH PHFKDQLFDO SURSHUWLHV FRXOG EH WRR
)LJXUH*ULGSDUDPHWHUL]DWLRQIRUDUELWUDU\FURVVVHFWLRQV
)LJXUH&URVVVHFWLRQDOFKDUDFWHUL]DWLRQRIH[WUXGHGSURILOHVEDVHG
RQWKHJULGSDUDPHWHUL]DWLRQ
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